Background: The adverse effects of mefloquine and other quinoline antimalaria drugs can be severe and long-lasting. We believe that the trigger for these effects may be drug-induced hepatocellular damage that causes, firstly, a spillage of retinoids into the circulation (and hence a direct toxic effect on the brain and other target organs), and secondly, disruption of the liver-thyroid axis (and hence a pattern of specific bipolar symptoms such as is often seen in thyroid disease). Methods: We sought recently-published lay accounts of adverse effects in users of quinoline antimalaria drugs, to test these lay descriptions against our hypothesis on the likely pathogenesis of these effects. Results: We found six lay accounts that described four different experiences of adverse effects arising from the prophylactic use of quinoline antimalaria drugs. All four travellers were healthy, at the start of travel. Two of the travellers experienced severe psychoses, and one had a mild psychosis. The fourth traveller, a serving US soldier, killed 16 unarmed Afghan civilians. Analysis of these accounts shows that, based on our hypothesis, all four travellers had at least one risk factor (most commonly, concurrent alcohol use), for developing a severe reaction to their quinoline antimalaria drug. Our hypothesis therefore predicted a severe adverse drug reaction in each of these four travellers. We also identified a hitherto unrecognized risk factor for developing a severe reaction to quinoline antimalaria drugs-namely, the concurrent use of anabolic steroids. Conclusions: Lay accounts of drug adverse effects can help initiate or further develop medical hypotheses of their pathogenesis. We advise that the quinoline class of antimalaria drugs should be prescribed cautiously, and that mefloquine should not now be prescribed for malaria prophylaxis, under any circumstances whatsoever. Where persistent adverse effects have resulted from the historical use of quinoline antimalaria drugs, we propose a five-point management strategy that we believe will in most cases cause symptoms to abate rapidly: 1) stop taking the quinoline drug; 2) stop alcohol, and stop all other liver-damaging drugs, including anabolic steroids, hormonal contraception, hormone replacement therapy, recreational drugs, antidepressants, anxiolytics and hypnotics; 3) maintain good hydration, using non-fluoridated drinking water; 4) temporarily eliminate die- 
Introduction
Croft and Herxheimer in 2002 [1] and Mawson in 2013 [2] independently advanced two distinct but complementary hypotheses to explain the neurotoxic and other adverse effects associated with mefloquine, a quinoline antimalaria drug. Mefloquine (i.e. Lariam, a potent, long-acting blood schizonticide manufactured by F. Hoffmann-LaRoche AG) is chemically related to other quinoline derivatives such as amodiaquine and chloroquine [3] ; hence the two hypotheses might reasonably apply to these related antimalaria compounds also.
Croft-Herxheimer (Liver-Thyroid) Hypothesis
Many of the adverse effects of mefloquine (and, by analogy, of other quinolineantimalaria agents also) are a post-hepatic syndrome caused by primary liver damage [1] . The liver plays a key part in the metabolism of thyroid hormones (Weetman, 2010). Mefloquine-induced liver damage disrupts the exquisitely delicate physiological relationship between the liver and the thyroid gland ("the liver-thyroid axis"). Thyroid hormone imbalance then occurs, either as excess or as deficiency of circulating thyroid hormone.
Symptomatic thyroid disturbance may result. Thyroid disease is typically bipolar in its mode of presentation (i.e. it presents as weight loss or weight gain, preference for a cool climate or a warm climate, nervousness or lethargy, diarrhea or constipation, etc.) [4] , and this pattern of physiological opposites features commonly in published case reports of mefloquine adverse effects. Previous liver or thyroid disease is a risk factor for developing adverse effects from mefloquine. The mefloquine syndrome presents variously as headache (suggesting a direct toxic effect on the brain, superimposed on disruption of the liver-thyroid axis), gastrointestinal disturbances, nervousness, fatigue, disorders of sleep, mood, memory and concentration, and occasionally frank psychosis [1] [5] .
Symptoms of mefloquine toxicity tend to abate spontaneously once the drug is discontinued, provided that concurrent chemical insults to the liver are also discontinued, or corrected. These concurrent chemical insults may include: Co-medications in the last of the above sub-categories likely to be especially hazardous in mefloquine users are, firstly, those medicines that cause hepatocellular injury and also are thyroid hormone antagonists (e.g. amiodarone, benzodiazepine, calcium channel blockers, phenytoin); and secondly, other quinine analogues taken concurrently with mefloquine, such as fluoroquinolone antibiotics [1] . It should not be necessary to treat mefloquine adverse effects through specific drug therapy; administering further drugs could in fact make mefloquine's adverse effects worse, or cause them to become permanent [1] .
In those commonly-reported cases where the adverse effects of mefloquine persist for months, or years, the explanation often lies in the fact that after stopping mefloquine the mefloquine-damaged individual continues to take alcohol, or liver-damaging prescription drugs such as antidepressants, or (in the case of women) hormonal contraception [1] .
Mawson (Endogenous Hypervitaminosis A) Hypothesis
Vitamin A is stored mainly in the liver, in potentially poisonous concentrations [2] . A condition known as pibloktoq (or "Arctic hysteria") has been described in Inuit people and attributed to hypervitaminosis A after their gorging on vitamin A-rich polar bear or seal liver [6] . Pibloktoq manifests as irrational and sometimes violent acts, followed by amnesia for the event [7] . It affects dogs, as well as humans [6] .
The adverse effects of mefloquine (and, presumably, of other quinoline antimalaria drugs also) may result from drug-induced liver damage that provokes an endogenous syndrome analogous to hypervitaminosis A, and that is characterized by the spillage of toxic retinoid compounds into the circulation. At a cellular level the mechanisms contributing to this physiological harm may include:
2) The accumulation of retinoids in the liver, This same hypothesis plausibly explains Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN); these should be considered as overlapping manifestations on a spectrum of acute drug-induced conditions associated with severe blistering, skin peeling, and multi-organ damage [8] . Of interest, SJS was attributed to mefloquine, early in the drug's prescribing history [9] . Likewise, TEN has been attributed to chloroquine, in a user who concurrently took pyrimethamine plus dapsone (i.e. Maloprim), aspirin and propranolol [10] .
As with the Croft-Herxheimer hypothesis, Mawson's hypothesis suggests that simply stopping mefloquine will usually suffice to bring about a swift remission of unwanted drug effects, where these have occurred. Symptom worsening could also potentially be arrested by lowering the concentration of circulating retinoids through phlebotomy or plasmapheresis, or else through pharmacological measures to limit the further expression of these substances [8] .
The Current State of Knowledge
The Croft-Herxheimer-Mawson hypothesis has not been tested formally-for example, in a case-control study incorporating both detailed symptom ascertainment, and thy-roid and liver biochemistry (including retinoid profiles) in a population of quinoline antimalaria drug users. Hence, the hypothesis remains speculative. If valid, the model may explain the pathogenesis of other disease states, such as primary biliary cirrhosis [11] and dengue haemorrhagic fever [12] .
Notwithstanding the above, adverse effects from the quinoline class of antimalaria drugs continue to be commonly reported, in both the scientific [13] [14] [15] and lay literature. We undertook to explore the latter resource for evidence that might serve to support (or alternatively to discredit) our as yet untested hypothesis on the pathogenesis of the neurotoxic and other adverse effects associated with quinoline antimalaria drugs.
Methods
During 2013-2016 we non-systematically searched the published lay literature in different formats (books, newspapers, magazines) for accounts describing adverse effects from quinoline antimalaria drugs, in lay users of these drugs. We selected and analyzed those reports with sufficient detail to enable us to judge the apparent concordance with or divergence from our pre-existing hypotheses of adverse event causation related to this class of drugs. We identified these lay accounts serendipitously; none of the accounts was or is now indexed on any standard scientific bibliographical database, such as Pubmed or Embase.
Results

Case Reports
We identified four published experiences of adverse effects from quinoline antimalaria drugs that were reported between 2013-2016 in six separate lay accounts, in sufficient detail for us to undertake a comparative analysis of their content.
One report (Case Study One) [16] described mefloquine use in a 29-year old male traveller; a second report (Case Study Two) [17] [18] described either amodiaquine or chloroquine use in a 43-year old male traveller; a third report (Case Study Three) [19] [20] described probable mefloquine use in a 38-year old male traveller, against a probable background of previous, prolonged chloroquine use; a fourth report (Case Study Four) [21] described mefloquine use in a young male writer. All four travellers were ostensibly healthy, prior to their index experience of drug-induced adverse effects.
All of the six lay accounts we identified, representing four different experiences of quinoline drug-related harm, were written for a predominantly lay readership. None of the accounts included any reference to or apparent knowledge of our respective hypo-
The general characteristics of the four case studies are summarized at Table 1. A comparative analysis of the content of the four case studies is at Table 2.
Discussion
We analyzed four recently-published case reports drawn from the non-specialist lay literature, describing the adverse effects of quinoline antimalaria drugs. We sought evidence that could illuminate our untested hypotheses on how these adverse effects are The case studies show that, in addition to the users having each taken quinoline antimalaria drugs, a number of additional risk factors (as predicted by the Croft-Herxheimer-Mawson model) were present in each case. This supports our hypothesis on the pathogenesis of adverse effects with this class of drugs, since we would have predicted a priori that the four subjects would each have been at high risk of a severe adverse reaction from their prescribed antimalaria medication.
The fact that a prolonged period of drug-related harm was reported in Case Study
One, Two and Four (the outcome in Case Study Three is unknown) was also foreseeable. Our hypothesis would have predicted a quicker and more complete recovery from the unwanted effects of the quinoline drugs taken, had psychotropic drugs not been used (as they plainly were, at least in Case Study One and Two) in an attempt to treat those effects.
Case Study Three is of special interest because of the extreme consequences (the self-confessed murder of 16 Afghan civilians) that were attributed in the published lay accounts to the subject's use of a quinoline antimalaria drug. Following a newspaper
Freedom of Information request to the FDA, there now exists in the public domain [25] a redacted Adverse Event Report that plainly relates to this user, and which indicates that he was taking mefloquine at the time of his homicidal acts (Figure 1 ). In the years immediately preceding 2012 it is highly likely that this military user had been taking chloroquine, as malaria prophylaxis during three successive deployments to Iraq. This will have pre-sensitized him to the effects of mefloquine, we believe. This individual's concurrent use of anabolic steroids, a class of drugs metabolized in the liver and known to cause liver damage [1] , is likely to represent an additional risk factor for his development of a severe reaction to mefloquine. This putative additional risk factor in the pathogenesis of severe and/or prolonged reactions to quinoline antimalaria drugs has not previously been highlighted, either by us or by other researchers.
Conclusions
The quinoline class of antimalaria drugs includes amodiaquine, chloroquine, mefloquine and tafenoquine. It has been known for decades that this class of drugs can precipitate unwanted neuropsychiatric effects [5] . Mefloquine appears to be the most dangerous of these drugs, since it is neurotoxic in animal models [26] , and has been associated with sudden and irrational acts of extreme violence in humans [27] ; Case Study Three in our lay series typifies this. The pharmacology of mefloquine is imperfectly un-derstood [28] . Until it is properly elucidated, we recommend that mefloquine should not be prescribed as malaria prophylaxis under any circumstances whatsoever.
Where quinoline antimalaria drugs have been given historically, and drug-induced adverse effects have occurred and have persisted, we suggest a five-point management strategy that we believe will in most cases result in rapid symptom abatement. Our suggested management strategy for treating long-lasting quinoline adverse effects is as follows.
Stop the Quinoline Drug
The incriminated quinoline agent should be stopped immediately, and should not ever be taken again, by that individual. If the drug-damaged individual is a traveller in a malaria-endemic zone, it will be necessary for that traveler to immediately start taking an alternative, non-quinoline antimalaria agent (e.g. doxycycline monohydrate, or atovaquone-proguanil), as malaria prophylaxis.
Stop All Alcohol
Alcohol should be stopped completely for a month. At the same time, all other liverdamaging drugs that are not essential to life (e.g. anabolic steroids, hormonal contraception, hormone replacement therapy, recreational drugs, antidepressants, anxiolytics and hypnotics) should be discontinued.
Maintain Good Hydration
Hydration should be maintained by drinking plain water, and not through drinking coffee or tea, both of which are dehydrating [1] . Non-fluoridated drinking water only (e.g. bottled spring water) should be used, since fluoride in drinking water can damage the liver [29] .
Eliminate Vitamin a from the Diet
For one month, dietary sources of vitamin A should be eliminated. The richest food source for vitamin A is liver, but it is also found in milk, cheese, egg yolks and fish oils [30] ; all these foodstuffs should be avoided. Deficiency is unlikely to result in the short or medium term, since the liver contains enough stored vitamin A to last two years [30] .
Reduce Circulating Retinoids (Optional)
In extreme cases of quinoline-induced damage, the concentration of circulating retinoids could be lowered, under careful medical supervision. This could be achieved through phlebotomy, plasmapheresis or hirudotherapy (i.e. leech therapy) [31] .
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